INTRoDUCTIoN
The advent of minimally invasive procedures using advanced equipment has prompted the recent popularity of neuroendovascular treatment. These procedures have an advantage due to the presumed low frequency of complicating infections. However, because neuroendovascular treatment is quite lengthy and involves the placement of foreign bodies in vessels, it may pose a heightened risk of infection. For example, we attach little importance to clean manipulations during neuroendovascular treatment compared with a craniotomy. Moreover, there are no detailed studies examining the rate of complications due to infection following neuroendovascular treatment. In this study, we examined the frequency of sepsis, the associated risk factors, and the sterility of the operating field in relation to this procedure.
cultures, and palm-check cultures were examined during operation, and serodiagnoses (endotoxin, b-D glucan) were examined during postoperative days. Palm-check cultures -handprint cultures with a high detection rate of organisms -were prepared by pressing gloves onto media after operation. We regarded a surgeon and assistants in the same operating field as one sterility class, and examined one palm-check culture of the surgeon or assistant per procedure.
Although the same procedure was repeatedly performed, each procedure had subtle differences in the use of devices; therefore, we assessed associated risk factors: Patient history (diabetes mellitus, steroids, etc.,); operative particulars (operation, operation time, the location of the procedure, emergencies, and a hemorrhage or thrombus complication); device (sheath size and its retention time, the use of long guidewires, balloons, and hemostatic devices); and the sterility of the operating field (assessed by palm-check cultures) shown in Tables 1 and 2. The operation time was divided into less than 2 h, 2-−3 h, and more than 3 h. The length of time in the intensive care unit (ICU) and the intravenous drip period (<1 week, 1-2 weeks, and >2 weeks) were used to estimate the patients' condition. Surgical staff was classified by years of experience into six groups A-F (A-D; certified physicians of neuroendovascular treatment).
Statistics
Risk factors for neuroendovascular-related sepsis were evaluated by calculating the odds ratios (OR) with 95% confidence intervals (CI). Log regression analysis was performed with SAS version 3.0 PROC LOGISTIC using a stepwise procedure.
RESULTS
Sepsis occurred in 22 (8.6%) of the 256 procedures. Almost all of these cases were treated with antibiotics without complicating their intravascular devices infection. However, two sepsis cases of methicillin-resistant Staphylococcus aureus (MRSA) were intractable and took more than a month to resolve.
Risk factors for sepsis
We evaluated the frequency and risk factors for sepsis in 193 procedures (men: 104; women: 89) without a central venous catheter or hemodialysis, which were suspected sources of infection, using multiple regression analysis [ Table 1 ]. Sepsis occurred in 11 (5.7%) of the 193 procedures [ Table 3 ], and although it was most frequently observed with carotid artery stenting (CAS), the procedure was not significant to sepsis. Meningioma embolization (OR=13.25; P=0.04; 95% CI 1.07-163.56) without antibiotic prophylaxis was a significant source of risk [ Table 4 ]. A large sheath size (>7 F; OR=5.03; P=0.01; 95% CI 1.29-19.47) was also significant. The most experienced staff A (OR= 0.09; P=0.05; 95% CI 0.09-0.97) was less significant to sepsis.
Risk factors for sterility of the operating field
One hundred twenty-nine (50.2%) procedures Tables 2 and 4 ]. However, the sterility of the operating field was not associated with sepsis.
Study of organisms
The organisms for sepsis in procedures without central venous catheters or hemodialysis and the operating fields were individually analyzed [ Table 5 ]. Coagulase-negative Staphylococcus (CNS) was primarily responsible for sepsis. Normal physiological floras, including CNS, were mainly found in the operating field.
Importance of antibiotic prophylaxis
Of the 19 cases receiving antibiotic prophylaxis without central venous catheters and hemodialysis, only one case of arterial injection for malignant lymphoma suffered from sepsis. On the other hand, of the 28 cases receiving antibiotic prophylaxis with central venous catheters and hemodialysis, 11 suffered from sepsis. Changing the antibiotic prescription from broad spectrum (piperacillin, cefazolin) to one (ceftriaxon, meropenem, vancomycin) that specifically targets bacteria cured most cases of sepsis.
No differences between the organisms, the severity of symptoms, and the time of recovery were observed with or without antibiotic prophylaxis.
Sensitivity of the cultures and serodiagnoses
We also investigated the detection tests for sepsis. Only a few positive reactions were observed with endotoxin and b-D glucan tests. Sensitivity was low in the blood and catheter tip cultures examined during the operations. The palm-check cultures were quite sensitive (59%) but their specificity was low (<50%) [ Table 6 ].
DISCUSSIoN
Endovascular treatments are minimally invasive and thus less prone to cause infection. Despite these findings, the occurrence of infection following endovascular treatments is increasing. Some reports suggest that sepsis occurs 4% of the time after angiography, whereas 32% of the time after endovascular treatments. [1, 2] Endovascular treatments are typically performed in aged patients or in patients with serious conditions in an interventional radiology suite not equipped with air cleaners. Many hospitals are now performing emergent intervention procedures for acute stroke cases as well as ruptures aneurysms. In addition, surgeons seldom wash their hands although with clean gloves. Under these types of circumstances, endovascular treatments seem to pose a great risk of infection. We investigated the frequency of 1.07-163.56). The degree to which experienced staff A (OR=0.09; P=0.05; 95% CI 0.09-0.97) affected the incidence of sepsis was less significant. We concluded that the organisms tend to invade through the large-size sheaths; although we could not prove the correlation of the complex procedures with balloons or long guidewires. Skilled staff can reduce the risk of sepsis in these types of complex procedures. As to the preoperative meningioma embolization, we expected the concern of steroid administration to reduce edema around lesion and patients' general condition which were evaluated by duration of time in the ICU and intravenous drip period; however, we could not find those factors' significances.
Because approximately half of the cultures analyzed in the operating field were positive, we believe that the operating field was not sterile. Less experienced staff F (OR=1.98; P=0.03; 95% CI 1.07-3.67) was a significant risk factor affecting the sterility of the operating field. Inexperienced staffs may contaminate devices. However, we could not find a correlation between the sterility of the operating field and sepsis when a strict definition is applied. It is necessary to maintain a clean operating field because the incidence of S. aureus is known to occur in acute infections, while CNS plays a major role in chronic infections during endovascular treatment of coronary and peripheral vessels. [3] [4] [5] Similar organisms were isolated in our study. Although we used an antibiotic prophylaxis only in several cases, we presumed it was useful especially for patients in poor general condition because most cases receiving antibiotic prophylaxis did not suffer from sepsis. However, patients with other infectious factors, such as a central venous catheter, hemodialysis, or ventricular drainage tube, tended to suffer from sepsis despite the use of antibiotic prophylaxis. Therefore, we suggest preselecting the appropriate type and course of antibiotics for these patients because they seemed to be affected by extraordinary organisms.
It may be unusual to mention other infective factors such as central venous catheters. We emphasize that sepsis cases caused intravascular device infection have poor prognoses, regardless of whether sepsis was caused by endovascular treatment or other infective factors.
The reported occurrence rate of device infection is approximately 1% following the placement of coronary stents, and similarly, the occurrence rate following aortic and peripheral vessel procedures is 0.04-6%. [3, 5, 6] Reviewing the neurovascular treatment literature, we found five reports of complicating abscesses following coil embolization of cerebral aneurysms [7, 8] and reports of stent infection following CAS. [9] However, we could not find a correlation between the placement of devices and sepsis, we presume that there are certain conditions The duration of operation, a long sheath retention time, multiple stents, local hematoma, restenting procedures, the use of multiple punctures, as well as long guidewires and hemostatic devices were all mentioned as risk factors during endovascular treatments of coronary and peripheral vessels (2) (3) (4) 9) . However, in our study, the risk factors for sepsis included a large sheath size (>7 F; OR=5.03; P = 0.01; 95% CI 1.29-19.47) and preoperative meningioma embolization (OR=13.25; P=0.04; 95% CI for device infections, such as the type of devices and a certain extent injury of vascular inner membrane which organisms can adhere to, because stent infection cases are often reported. Not only devices for lesion but also one for hemostasis such as angioseal should be taken to our consideration as another risk factor for infection nowadays. We in our institution frequently use the hemostasis device when we puncture a femoral artery to insert sheath over 7 French with systemic heparinization. Subcutaneous or wound infection has sometimes seen especially in the case of multiple punctures, in poor general condition and in pseudoaneurysm formation at puncture site. The hemostasis device contains collagen type of tissue to plug the hole of artery to stop bleeding. This collagen could be the source of infection if it is contaminated. We should pay most attention to the manipulation of hemostatic device not to be infectious.
To avoid device infection, we must diagnose sepsis early and proceed with appropriate treatment. The various cultures and serodiagnoses examined during operations were not useful as early predictors of sepsis due to their inherently low sensitivity. Palm-check cultures may support the early detection of sepsis caused by normal physiological flora because the sensitivity of these cultures was higher than those of other types of cultures examined in our study. However, it takes a few days to obtain results from palm-check cultures, so we concluded that those tests are not as useful in early detection of sepsis.
CoNCLUSIoN
We found that the rate of sepsis following neuroendovascular treatment was quite high (5.7%) at our facility. Even majority of our septic cases turned out be clinically silent, this risk may occasionally complicate pseudoaneurysms or thrombosis with device infection, resulting in a poor prognosis. Therefore, we should maintain clean sanitary conditions and diligent manipulations in the operating field for endovascular treatment as minimally invasive modality.
